Fibroblast growth factor-21 , is a protein involved in cell growth and differentiation, development, wound repair and metabolism. Research looking at the impact of weight loss on FGF-21 levels is limited. The objective of this exploratory study was to determine changes in serum FGF-21 levels following weight loss induced by either continuous energy restriction or intermittent energy restriction. A sub cohort of participants who completed a 12-month dietary intervention trial following continuous energy restriction, or a week-on week-off energy restriction pattern, were selected for analysis. FGF-21 levels were not altered by weight loss and were not correlated with body weight or BMI at baseline or 12 months. Weight loss after 12 months either through continuous energy restriction or intermittent energy restriction was −5.9 ± 4.5 and −4.9 ± 3.4 kg, respectively. There was no change in FGF-21 levels, 0.3 ± 0.9 and 0.04 ± 0.2 ng/mL (p = 0.2). In conclusion, weight loss in healthy overweight or obesity subjects did not affect FGF-21 levels.
Introduction
As obesity rates increase worldwide, so do the rates of associated cardiometabolic conditions, including cardiovascular disease, non-alcoholic liver disease and type 2 diabetes-mellitus. The levels of morbidity and mortality linked to these conditions highlight the importance of identifying novel metabolic regulators of energy balance.
Fibroblast growth factor-21 (FGF- 21) , one such emerging regulator, is a protein involved in cell growth and differentiation, development, wound repair and metabolism [1] . It is predominately produced in the liver and promotes fatty acid oxidation, increased energy expenditure and improved insulin sensitivity [1, 2] . Several studies have found FGF-21 levels are correlated with BMI, waist circumference and visceral adipose tissues, suggesting that obesity is an FGF-21 resistant state [3] . Recently FGF-21 has been shown to be induced in the liver during fasting [4] [5] [6] , and has been linked to the adaptive response following periods of starvation with a range of effects being witnessed, including altering metabolism and blunting of the growth hormone signalling pathway [7] .
Current research suggests that normal FGF-21 levels within human subjects vary greatly (21-5300 pg/mL) and the impact of weight loss produces mixed results [8] [9] [10] [11] [12] . With research assessing the impact of weight loss in humans on FGF-21 levels being limited, and none comparing the difference following weight loss on a continuous energy restriction (CER) pattern to weight loss following an intermittent energy restriction (IER) pattern, the aim of this exploratory study was to determine if serum FGF-21 levels changed following weight loss induced by either CER or IER.
Materials and Methods

Study Methods
A 12-month randomised controlled trial was conducted to determine the effect of IER vs. CER on weight loss and weight loss maintenance in healthy adults with overweight or obesity. Results from this study have been reported [13] . Individuals followed an energy restriction of 4200 kJ/day for women or 5500 kJ/day for men in either a continuous pattern or intermittent pattern. Blood samples were taken at baseline and 12 months for measurement of FGF-21. FGF-21 was analysed on a sub cohort (n = 43) of participants who completed the energy restriction. Participants visited the research centre eight times and received dietetic support at each of these visits.
Weight and Height
Participants' height was measured (first visit only) whilst barefoot using a stadiometer (SECA, Hamburg, Germany). Measurements were recorded to the nearest 0.1 cm. Body weight was recorded to the nearest 0.05 kg at all eight visits using calibrated digital scales (SECA, Hamburg, Germany). Participants attended after an overnight fast of 12 h from 8 pm the night before, barefoot and in light clothing.
Laboratory Analysis
Fasting blood samples were collected from a brachial vein for measurement of serum FGF-21 levels at baseline, following 8 weeks of energy restriction, and at 12 months. Samples of serum were obtained by centrifugation at 4000 rpm for 10 min. Samples were stored at −80 • C until analysed. Analysis was performed by ELISAKit.com (Melbourne, Australia).
Ethics
This study was approved by the University of South Australia's Human Research Ethics Committee (protocol number 0000031828). All participants gave written informed consent. This trial is registered with the Australian New Zealand Clinical Trials Registry (ACTRN12614001041640).
Statistical Analysis
All data is presented as mean ± SD, unless otherwise indicated. A significance level of p < 0.05 for each contrast was used. All data were analysed using SPSS (IBM SPSS Statistical Software version 22.0 for Windows, SPSS analysed Inc., Chicago, IL, USA). Graphs and tables were created using Microsoft Excel 2013 for Windows (Microsoft Inc.). A general linear model of repeated measures was used to calculate time, diet and time x diet interactions for the outcome variable.
Results
Baseline characteristics of participants included in this analysis are outlined in Table 1 . Only BMI was significantly different between the two groups. As expected after 12 months there was a reduction in weight and BMI within both groups ( Table 2) . FGF-21 levels were not altered by weight loss and were not correlated with body weight or BMI at baseline or 12 months. Furthermore, change in FGF-21 was not correlated with change in weight. 
Discussion
In this exploratory study there was no change in FGF-21 concentrations between baseline and 12 months. Human studies assessing the impact of weight loss on FGF-21 levels are limited and have conflicting results. Studies have shown FGF-21 levels decreasing [8] or remaining the same [9] following weight loss after dietary intervention, decreasing after gastric banding [8] and sleeve gastrectomy [10] , and increasing [8, 11] or no change [12] following weight loss after Roux-en-Y gastric bypass (RYGB). The designs of these studies vary, from number and type of participants, type of intervention, time frame following intervention type and outcome measurement, as well as amount of weight loss. Therefore, our study showing no change in FGF-21 concentrations after 12 months of either CER or IER is not entirely unexpected.
The conflicting results, albeit in a minimal number of studies, of the impact of weight loss following dietary interventions on FGF-21 suggest that FGF-21 levels may not be directly regulated by changes in fat and mass and body weight. Christodoulides et al. [14] showed that an average weight loss of 9.2%, induced by a ketogenic diet, resulted in a 42% difference in FGF-21 levels. Similarly, Gomez-Ambrosi et al. [15] reported a decrease in FGF-21 following weight loss, after diet therapy (−11 ± 5 kg) or surgical intervention (sleeve gastrectomy −27 ± 5 kg and Roux-en-Y gastric bypass −40 ± 14 kg). Conversely, Mai et al. [10] reported that despite weight loss (5.3%), FGF-21 levels remained the same. This suggests that the degree of weight loss in our current trial (6%) may not have been great enough to see any changes in FGF-21. Modest weight loss, as seen in the current trial, is common throughout weight-loss literature as well as clinical practice, with the impact of larger weight loss (i.e., weight loss experienced after surgical intervention) on FGF-21 levels requiring further research.
Most recently, Sanyal et al. [16] assessed the safety and efficacy of Pegbelfermin (an FGF-21 analogue) in patients with non-alcoholic steatohepatitis, a condition commonly associated with overweight/obesity. Findings showed a significant decrease in absolute hepatic fat fraction in the group of patients receiving either 10 mg once a day or 20 mg Pegbelfermin weekly compared to the placebo group, with no associated changes in bodyweight-indicating that increased levels of FGF-21 can assist with a reduction of liver fat, even without significant weight loss.
In the liver, FGF-21 induces fatty acid oxidation, ketogenesis and gluconeogenesis [4, 5, 17] . Studies in mice have shown that FGF-21 is not involved in glycogenolysis, which occurs in the early stages of fasting, but rather during prolonged fasting, when glycogen stores are depleted [17] . This has also been confirmed in humans, where FGF-21 concentrations were induced only after prolonged fasting [18] . FGF-21 has been linked to hepatic metabolism via, at least in part, PGC-1alpha. The act of fasting induces PGC-1alpha in the liver, which in turn stimulates genes involved in fatty acid oxidation, gluconeogenesis and ketogenesis [19] [20] [21] . Furthermore, mice lacking FGF-21 have failed to fully induce PGC-1alpha expression in response to a prolonged fast and shown to have reduced ketogenesis and gluconeogenesis [17] . The fact that we did not see a change in FGF-21 levels in the current study suggests that the energy restriction prescribed was potentially not great enough to mimic a fasting state.
Another factor impacting the ability to see changes in FGF-21 weight loss via dietary interventions maybe the type of diet used. FGF-21 appears to play a role in ketogenesis [22] , and therefore it is potentially only dietary interventions designed to induce pronounced ketosis that will be effective in modifying FGF-21. Christodoulides et al. [14] used a ketogenic diet, compared to Mai et al. and our current study that did not, possibly explaining the difference in results found. It is important to note, however, that a trial investigating the impact of a ketogenic diet in children did not report a change in FGF-21 levels [18] . Furthermore, Mraz et al. [23] showed an increase in FGF-21 levels after three weeks of a very low energy diet (resulting in moderate weight loss). This increase in FGF-21 may be explained, though, through the catabolism that occurs after following a very low energy diet, making a direct comparison between this trial and our results difficult.
This long-term randomised control trial in healthy overweight or obese individuals is adding to the growing literature investigating the role that FGF-21 may have in obesity and associated weight loss. However, the number of participants used for analysis should be considered when considering the generalizability of results. The small number used in this exploratory analysis may have meant that it is not adequately powered to observe any potential changes in FGF-21 levels. The variance between individuals' response of other hormones involved in energy homeostasis, and how this impacts FGF-21, is also a key area that should be explored.
Conclusions
In conclusion, in this exploratory study, weight loss after 12 months either through CER or IER did not result in a change in FGF-21 level in healthy subjects with overweight or obesity. As there was no change in FGF-21 levels from baseline to 12 months in the sub cohort used for analysis, further investigations were not conducted. 
